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Abstract 

We investigate the rare decay A& —► Ay which receives both short and long 
distance contributions. We estimate the long distance contributions and 
find them very small. The form factors are obtained from A c —> Klu^ using 
heavy quark symmetry and a pole model. The short distance piece opens 
a window to new physics and we discuss the sensitivity of A& —> Ay to such 
effects. 



1 Introduction 


Flavour Changing Neutral Current (FCNC) processes have attracted renewed 
attention since the recent CLEO measurement of the FCNC decays of the type 
b —> s'y. In the Standard Model (SM) these processes are forbidden at the tree 
level and are strongly suppressed by the GIM mechanism, in particular for up 
type quarks. Hence they offer a unique possibility to test the CKM sector of the 
SM and possibly open a window to physics beyond the SM. 

From the experimental side there is some data on the exclusive decay B —> 
K* 7 and the inclusive decay B —*■ X s y with branching fractions [l]] 

Br(B + -> K + *y) = (5.7 ± 3.3) x 1(T 5 
Br(B° -> K °* 7 ) = (4.0 ± 1.9) x 10 ~ 5 
Br(B -> X sl ) = (2.3 ± 0.7) x 1(T 4 

which is at present compatible with the SM. However, the experimental as well 
as the theoretical uncertainties are still sizable; in particular an improvement of 
the theoretical prediction involves a next-to-leading order calculation which has 
recently become available ||. 

Various scenarios have been used to calculate the influence of physics beyond 
the SM on the decay b —» 57 and also model independent analyses have been 
suggested [3]. However, based on the decays of B mesons it will not be possible 
to analyse the hclicity structure of the effective hamiltonian mediating the decay 
b —> s'y, since the information on the handedness of the quarks is lost in the 
hadronization process. 

The only way to access the hclicity of the quarks is to consider the decay of 
baryons. From the experimental side the decay A j, —> Ay is a good candidate, 
since the subsequent A decay A —> p-rr is self analyzing. The only experimental 
drawback of this mode is that the production rate of A& baryons in b quark 
hadrionization is about an order of magnitude smaller than the rate for B mesons, 
and hence the analysis suggested here has to wait for more data on heavy quark 
decays from colliders. 

From the theoretical point of view one may make use of the heavy quark 
symmetry for the b quark. The b —> s transition is of the heavy-to-light type 
for which heavy quark symmetries restrict the number of form factors for the 
baryonic transition A q —> light spin-1/2 baryon to only two. These heavy quark 
symmetries are expected to work best at the point of maximal momentum transfer 
q = Qmax (corresponding to small recoil to the light degrees of freedom), whereas 
in the decay under consideration we are at the opposite side of phase space, 
namely at q 2 = 0. We shall still use heavy quark symmetry, at least it will be 
a reasonable model assumption for the form factors. Once we use heavy quark 
symmetries over the whole phase space, one may obtain the form factors from 
the semileptonic decay A c —> Aivu, for which some data exists JjJ. Unfortunately, 
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data are still not good enough to allow a measurement of the two form factors as 
a function of q 2 , and consequently one has to model the form factor shape using 
some ansatz. This makes the predicted total rate to some extent uncertain, while 
the polarization of the A is practically unaffected by the choice of a model. 

Another theoretical difficulty with the process suggested are possible long 
distance contributions which will dilute the effects of a non-SM-contribution to 
the short distance effective hamiltonian for b —» sy. There are two effects of this 
kind: A vector dominance contribution from the process b —» s(cc ) —» sJ/T —» sy 
and the internal W exchange. Both contributions are hard to estimate, since one 
has to refer to models. 

In the next section we shall discuss the short distance contribution and its 
hadronic matrix elements. In section 3 we shall use simple models to estimate the 
long distance contributions. In section 4 we shall use the input of the semileptonic 
A c decay and two simple models for the form factors to obtain a prediction for 
the total rate of A b —> Ay. Section 5 is devoted to a discussion of the polarization 
variable and its connection to the parameters of the short distance part of the 
effective hamiltonian. The standard model and the sensitivity to non-standard 
model effects are considered. Finally we discuss our results and conclude. 


2 The short distance contribution 


In the SM as well as in many non-SM scenarios, the hamiltonian relevant for 
b —>• s transitions consists of ten operators O,, i = 1, ...10, of which only one (0 7 ) 
mediates the decay b —> sy. The effective hamiltonian has the form 

He,, = 4CVM0 7 M (1) 


with 

0 7 = [m b sa^( 1 + y 5 )& + m s sa^{l - y 5 )6] (2) 

where the renormalization scale /x is usually taken to be m b . It is well known 
that the leading-log calculation exhibits a strong residual dependence on the 
renormalization point /x, since the QCD corrections encoded in C 7 are sizable. 
Recently the complete next-to-leading order calculation has been performed and 
we shall use the value for C 7 from this calculation. 

A more general form of the Operator O 7 allowing for non-SM couplings is 

O 7 = 7^m h s<J biU (g v - gAlb)bF IJV (3) 


where gy and gA are the vector and axial vector couplings, respectively. 
Standard Model 


9v = 1 + 


rule 


9a — ~ 1 + 


rrie 


m b 


m b 


In the 


( 4 ) 
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The correction to the integer values of g A and (jv due to the non-vanishing s 
quark mass is of the order of 3%. 

Hence in general at the level of dimension-six operators there are two operators 
relevant for the decay under discussion, namely the one with right-handed b quark 
(implying left-handed s quark) and the one with right-handed s quark (implying 
left-handed b quark). In other words, in general there are two parameters, which 
may be taken to be C 7 gy and C 7 g A - 

Once the short distance structure of the effective Hamiltonian is known, it 
remains to calculate matrix elements of the operators. In the present case we 
shall make use of the fact that the b quark is heavy, while the s quark is taken 
to be a light quark. In general, heavy quark symmetries restrict the number of 
possible form factors quite significantly; in the present case there are only two, 
parametrized by || 

(A(p,s)\sTb\A b (v,s')) = u A (p J s){F 1 (p.v ) + fF 2 {jp.v)}Tu Ab {v, s') (5) 


where v is the velocity of the heavy A^-baryon which in HQET is equal to the 
velocity of the heavy 6-quark, s' is the spin of the heavy A bl which due to heavy 
quark spin symmetry equals the spin of the b quark, p is the momentum of the 
A-baryon and s its spin. Furthermore, T is an arbitrary Dirac matrix, such that 
any transition between a Aq (Q = b,c ) and a light spin 1/2 baryon is given by 
the same form factors. In particular, this allows us to compare the exclusive 
semileptonic decay of a A c with the process under consideration here, although 
the helicity structure of the relevant currents is completely different. 

Heavy quark symmetries are expected to work best at the point where the 
final state light hadron is slow (in the rest frame of the decaying hadron), such 
that the momentum transfer to the light degrees of freedom is small. At the other 
end of phase space, q 2 = 0, it is easy to see that the the momentum transfer to 
the light degrees of freedom scales with the mass of the heavy quark, it is not 
clear whether heavy quark symmetries are applicable at this point. However, we 
shall still make use of heavy quark symmetries even for q 2 = 0, taking this in the 
worst case as a model assumption. Keeping this in mind, the matrix element of 
the operator 0 7 between the initial and final state is 


(A(p, s), r y(k,£)\0 7 \A b (v, s')) (6) 

= y^m fe (A(p,s)|scvi( 3 y - g A ^ 5 )b\A b (v, s'))(^(k, £)\F^ iu \0) 

The quantity of interest is the decay rate of unpolarized A& baryons into A baryons 
with a definite spin directions s. To obtain from this expression this rate as a 
function of the form factors taken at q 2 = 0 is a matter of algebra, and we obtain 


T 


p 

7T 


(KVt b ) 2 (^- 2 ) 2 rn 2 b ml b (l-x 2 ) 
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{ 9 V + 9 A ^ 1 _ 2x 2 + x ^\F 1 \ 2 

+(x - 2a; 3 + x 5 )(FiF 2 * + F*F 2 ) 

+(x 2 - 2x 4 + x 6 )\F 2 \ 2 ] 

+ 9 v 9 a{v.s)[( 2x - 2x 3 )\F 1 \ 2 
+{2x 2 - 2x a )(F 1 F; ± F*F 2 ) 

+(2x 3 - 2x 5 )\F 2 \ 2 ]} (7) 


where x = m A /m Ab . 

As expected, the terms which depend on the spin of the A are all proportional 
to | C 7 \ 2 gv9A, while the rest of the rate has the factor \C 7 \ 2 (gy ± g\)/2. Thus 
a polarization analysis of the final state A allows a determination of the ratio 
9a/ 9v- 

In order to comply with the standard definitions we rewrite the rate in terms 
of the polarization variables as defined in [jlj 


r = r 0 ■ [i + a'p.s A ] 


( 8 ) 


where p is the momentum vector of the A and S A is its spin vector. Using 
expression ( 0 ) one finds for a! 


/ 

a 


(1 - x 2 ) (2x - 6a; 3 ) + 2(2a; 2 

(1 + x 2 ) (1 — 2a; 2 + x 4 ) + 2(a; - 


0.378 


2 gv9A 

9v + 9a 


- 6a ; 4 )R + 2 x 3 K 2 2g v g A 
2x 3 )R { x 2 - 2x 4 )R 2 g\ + g\ 


(9) 

( 10 ) 


where we have only used the central value of the CLEO measurement [|7] 


R = 


El 

F\ 


-0.25 ±0.14 ±0.08 


( 11 ) 


and the ratio of the baryon masses x = 0.20. 

Note that a' vanishes in the limit m\ —> 0; the leading order is given by 


a! = 2 x 


2 9v9a 
9v + 9 a 


( 12 ) 


which for x = 0.2 already is a reasonable approximation to the value obtained 
from ([HI). 


3 Long Distance Contributions 

In order to obtain a realistic estimate of the branching ratio and of the sensitivity 
on the coupling constants gy and g A one also has to take into account the long 
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distance contributions. One may distinguish between two types of contributions: 
the vector-meson-dominance like contributions, where there is a vector meson 
intermediate state and the internal lb-boson exchange, which corresponds to the 
weak transition of the heavy A & into excited A states decaying subsequently into 
A and a photon. 

The vector-dominance like contributions are dominated by the CKM allowed 
contributions where one has a J/\V as the internal vector meson. They are gov¬ 
erned by a different part of the A B = 1 hamiltonian given by 

H % = Ay^c.o, + c 2 ey (13) 

with 

Ox = (s a 7 M (l - 75)&a)(c (3 7 /i (l - 75 )cp)i (14) 

0 2 = (s a 7 m (1 - 75)6/3)(c^(l - 7 5 )c q ), (15) 


where a and (3 are SU(3) co i or indices and C\ and C 2 are the corresponding Wilson 
coefficients. 

The decays A 5 —> A4/^ (\k^ being the excited states with the quantum 
numbers of the J/T) are exclusive non-lcptonic decays and the result for this part 
will be strongly dependent on model assumptions. Following the usual folklore 
we keep from 0 2 only the part in which c and c are in a color singlet state and 
perform factorization with this part. Thus we model A 5 —> AdAA> by 

(o + A) (A|s7„(l-7 5 )6|A i ){<I>< n )|(c7' , (l - 75 )c|0) 

(16) 

It is well known that the combination of Wilson coefficients C\ + C 2 /N c ( N c = 3) 
comes out very small due to an accidental cancellation between the two contri¬ 
butions, yielding a too small rate for e.g. the decay B —> K J/T. Hence it is 
more realistic to use for this combination the value implied by the data and to 
put a 2 = C l + C 2 /N c = 0.24 ± 0.04 0. 

Furthermore, we consider a process in which we are dealing with a virtual 
TAl which is quite far off shell. It has been suggested 0 to take into account 
this effect by assuming a q 2 dependent decay constant for the dA n ) according to 

(T (n) (g,e)|c 7 /i (l -7 5 )c|0) = ig^\q 2 )e^(q) (17) 

From the comparison between the leptonic width of the J/T (yielding g^{jn\)) 
with the data from T-photo-production (yielding g^( 0 )) one obtains the ratio 




g*( 0 ) 

9v(rn%) 


0.12 ±0.04 


(18) 
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corresponding to a suppression by roughly a factor of ten. Unfortunately, there 
is no data for excited 'Us, so we shall simply assume the same suppression factor 
k for all of them. 

Assembling all the pieces, summing over allT resonances with the appropriate 
quantum numbers and employing the Gordon identity to isolate the transverse 
part one finds 

(A 7 |Jf“|A 1 > = (At|s - (1 + 75 )6|A t )< 7 |^10). (19) 

3 n rn^ {n) m b 

which takes the same form as the short distance contribution. 

The second kind of long distance contribution is the one originating from 
internal W exchange. The relevant Feynman diagrams are depicted in hg.|]. This 
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Figure 1: Internal IF exchange 

contribution is even more difficult to calculate and we shall perform a relatively 
crude estimate. The idea we are going to employ is along the lines of Brodsky and 
Lepage |J . In this picture the decay amplitude is decomposed into a hard piece 
which is calculated in terms of perturbative QCD while the soft contribution is 
described in terms of wave functions. 

Since in this picture a baryon is still a relatively complicated object, we shall 
simplify further by gathering the up and the down quark in the A b and the down 
and strange quark of the A into diquarks. This picture is in fact to some extent 
motivated from the phenomenological side, since it has been advertised as an 
explanation of the A/ = 1/2 rule in hyperon decays 

Hence we shall describe the baryons effectively as a bound state of a diquark 
and a b quark or an u quark, respectively. The hard process in the sense of 
Brodsky and Lepage is a b —> u transition in which the weak boson is absorbed 
by the (ud) diquark, transforming it into a ( sd ) diquark. In order to conserve 
energy and momentum a photon is radiated off, making this in total a A^ —> Ay 
transition. 

To perform the calculation one has to define Feynman rules for the radiation 
and the weak transition of the diquarks, which are simply obtained from the 
corresponding interactions of scalar particles in a straightforward way. Note that 
in order to ensure gauge invariance one also has to include a “seagull” term 
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gs(P+P’V e (P+P’)n l/(p 2 -m 2 ) 1/3 eg s g^ v 


Figure 2: Feynman rules for diquarks 


corresponding to a diquark-IF-y coupling. The Feynman rules are given in fig.^j 
and these allow us a calculation of the hard part of the decay amplitude. 

The soft contributions are parametrized in terms of wave functions of the 
two constituents of the baryons. In the spirit of [9] we neglect the transverse 
components of the momenta of the constituents. The A& is moving with the 
velocity v and hence we write for the for the momentum p of the b quark p = xrribV 
and k — (1 — x)rribV for the momentum of the (ud) diquark. Similarly, we have 
p' = y(rn,bV—q ) for the momentum of the u quark in the A and k' = (1 —y)(mbV—q) 
for the momentum of its (ds) diquark. The wave functions describing the soft part 
are <I>(x) and 4>(y) for the A& and the A, which are functions of the momentum 
fractions x and y. For the A& we assume that the b quark carries almost all 
momentum, which means that x fiffers from one only by terms of the order 1 /mb , 
such that k is independent of mb in the heavy mass limit. Hence we use 

®( x ) = ~ x ) ( 20 ) 

for the wave functon of the A&. 

For the A all the quarks have comparable masses and we use a simple Ansatz 
such that the average of y is 1/3. Motivated by the corresponding ansatz for the 
pion wave function we use 


4 >{y) = 2 VsfMy -i) 2 (21) 

where we have assumed that the analogue of the decay constant is simply f n . 

Using this picture for the internal W exchange it turns out that its contribu¬ 
tion is much smaller than the long distance contribution of the vector dominance 
type. This is not a surprise, since the internal W exchange is on one hand sup¬ 
pressed by the small combination V u bV* s of CKM elements, on the other hand it 
contains two decay constants f n and /#, yielding another suppression by a factor 
UfB/ml 

In total, in the way we have estimated the long distance contributions they 
turn out to be small, such that the decay A b —> Ay is dominated by the short 
distance piece, which may be sensitive to new physics. 

Quantitatively, the long distance corrections are dominated by the vector- 
dominance contribution. Summing over the lowest six dA" - ) we find that the 
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long distance contributions may be absorbed into a redefinition of the coupling 
constants and fjy according to 

9v — 9v + P and ([a = 9a~ Pi where p = 0.035 (22) 

4 Form Factors form the Semileptonic Decay 

A c —> Mvi 

Since we are dealing with an exclusive decay, we eventually need some input for 
the form factors in order to calculate numbers. However, not much is known 
about these functions, except that they have to obey the heavy quark symmetry 
implied by the heavy-to-light transition we are considering. In particular, at least 
at maximum momentum transfer the form factors appearing in A b —> A transition 
and A c —► A decays have to be the same, independent of the spin structure of the 
currents involved, see (|J). 

Again we shall assume heavy quark symmetry over all phase space including 
q 2 = 0 in Ab —> A and extract the relevant form factors from A c —> A £i/g, which 
is according to fl5|) given by the same two form factors as A b —> Ay. For the 
semileptonic A c decay there is some experimental data [7]; the total rate and 
the form factor ratio (F 2 /F x ) has been measured, where the brackets indicate a 
particular average over phase space. 

Nothing is known about the q 2 dependence of the form factors and at that 
point model assumptions enter the game. We shall start from a simple pole model 
for both form factors 

W)=^-(^^) • «=1.2. (23) 

where M\/ 2 is the mass of the nearest resonance with the correct quantum num¬ 
bers for F\ and F 2 rspectively and Fy 2 x is a normalization factor. The form fac¬ 
tors in (|5|) are given in terms of the energy p.v of the outgoing light baryon which 
has a simple relation with the momentum transfer q 2 = mq + m\ — 2mg (p.v). 
Inserting this into the denominator of our form factor parametrization we have 

m i /2 -9 2 = m i /2 + 2 m Q (p.v) -m 2 Q - m\ « M 2 /2 + 2 m Q (p.v) - m 2 Q (24) 

where we have neglected the mass of the light baryon. The relevant resonances 
contain a heavy quark and some light degrees of freedom and hence the mass 
of the resonance is M\/ 2 = rriQ + A1/2, where we shall in the following identify 
Ai = A 2 = A. The parameter A is small compared to the heavy quark mass and 
does not scale with the heavy mass; it remains a constant as mg —> 00 . Using 
this the denominator of the pole fomula for the form factors becomes 

m i /2 - 9 2 = ( m Q + A) 2 + 2 m Q (p.v) -m 2 Q tt 2m Q (A + (p.v)) (25) 
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For the A c —> A transition the relevant resonance for the vector current is the D* 
and since in the heavy mass limit m c ~ m Ac , we have A « m Ac — mr>* = 175 MeV, 
while for the bottom decay Aj, —*■ A we have the B* in the vector channel, and 
hence here we obtain m Ab - mg* = 225 MeV. Thus we have a fairly consistent 
picture and shall use A = 200 MeV, it turns out that the dependence of our 
results on A is weak. 

Putting the pieces together we use as a parametrization of the form factors 
in the heavy mass limit 

( A \ n 

A + > ^= 1 , 2 , (26) 

whre we assume for simplicity the same (p.v) dependence for both form factors. 
In this simple case the ratio of the form factors R = F 2 /F 1 is independent of 
(p.v) and we may use the value measured by CLEO without worrying about the 
phase space average going into the measurement. We shall use 0 

R = F 2 /F 1 = N 2 /N x = -0.25 ± 0.14 ± 0.08 (27) 

The large uncertainty in this value does not imply a large uncertainty in our 
results since any appearance of the form factor F 2 is suppressed by a factor 
m A /m AQ . 

Using the measured branching ratio for A c —» Re + v and the lifetime of A c 
from 0 one obtains the normalization N\ 

| Ah | = 7.06 (monopole) and |Ah| = 52.32 (dipole) (28) 

Using the pole formulae (|26|) for the extrapolation to q 2 = 0 in the decay A & —»■ Ay 
we obtain for the form factors 


Fi (q 2 = 0) = 0.45 (monopole) bzw. F\(q 2 = 0) = 0.22 (dipole). (29) 


This may be inserted into (7) with the corrections from ( |22| ) to obtain the total 
rate for the decay A& —> Ay in the standard model. 

In the heavy mass limit the mass of the Af, is equal to the b quark mass and 
hence the total rate depends on rn \, where some of the mass dependence comes 
from phase space (and is actually m Ab ) and some is due to the m&-dependence of 
the effective hamiltonian. To get rid of this m|-dependence we take as a reference 
the inclusive semileptouic decays of the B meson and write: 


T(Afe —> Ay) _ BR( A fe ^Ay) T tot (A 6 ) 
T(B XJu) BR(B -> X c lv) ' T tot (B) 


The inclusive semileptonic decay rate of B mesons depends also on ml and is 
given by 


T(B -»■ X c lu) 


rnlG^VZ 

192vr 3 


Vqcd Ta 


(31) 
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where ??qcd = 0.94 is a QCD correction and r c = 0.45 is a phase space factor. 

Using the lifetimes and the inclusive scmileptonic branching fraction BR(B 
XJv) = (10.3 ± 1.0)% from [JT] we obtain 


BR{A b -»• A 7 ) = (1 - 4.5) • IQ” 5 , 


(32) 


where the lower and upper value corresponds to a dipole and monopole q 2 evo¬ 


lution of the form factors, respectively. 

For values of g A and gy different from the standard model ones one has to 
multiply the above equation by the factor (g\ + gy)/2 , neglecting the strange 
quark mass and the long distance contributions. 

5 Ab —>• A7 as a Test of the Standard Model 

In this section we shall discuss the possibility of using the decay A b —► Ay as a 
test of the Standard model and to what extent it could be a possible window to 
new physics. 

As opposed to its mesonic counterpart, the decay B —> /v*y, the baryonic 
rare decay A& —> Ay allows access to the helicity structure of the short distance 
piece of the effective hamiltonian, since the helicity of the final state A can be 
measured. The two relevant dimension-5 operators entering the short distance 
part are parametrized in terms of two coupling constants C 7 g A and C 7 gy and the 
polarization of the final state A is sensitive to these couplings. 

The first piece of information is the total rate of A b —> Ay which contains (as 
does the mesonic decay B —> K* y) information on the combination (gyC 7 ) 2 + 
(g^CV) 2 , while the polarization variable a defined in (|lp) contains information 
on (C 7 g A )/{C 7 g v ). 

As we have discussed above, our rough estimates of the long distance contri¬ 
butions indicate that they are very small and will not significantly influence the 
sensitivity of the a! measurement on the parameters of the short distance part of 
the effective hamiltonian. 

I 11 the following we shall use the measurement of the inclusive rate B —> Ah 7 
to fix ( gyC 7 ) 2 + (g A C 7 ) 2 ; in the C 7 gy-C 7 g A - plane a measurement of any total rate 
(meaning any of the processes B —> A s y, B —> K* y or A b —> Ay) will correspond 
to a circle, since all these decay rates are proportional to ( gyC 7 ) 2 + (g A C 7 ) 2 . 

If in future experiments a measurement of a' in A b —>■ Ay is performed one 
may use the relation between a' and (C 7 g A )/(C 7 gy). Including our estimate of 
the long distance contributions, one obtains 



( 33 ) 
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which corresponds to straight lines in the C^gA-C^gy plane. Neglecting the long 
distance contribution (i.e. p — 0) these lines would go through the origin; includ¬ 
ing our estimate for these long distance contributions we also need an input for 
the Wilson coefficient C 7 , for which we shall use the standard model value as 
obtained form the NLLO calculation in |2j. 


C7 ga 



Figure 3: The CV^-CV^y plane 

In hg.[| we plot the C 7 qa C 7 gy plane. The central circle corresponds to the 
central value of the measurement of B —> X s ~/ and the thin circles indicate the 
experimental uncertainty. Assuming the standard model values for C^gA and 
C^gy we have also plotted the corresponding lines. The width of these lines is 
given by our estimate for the long distance contributions; we have taken this 
estimate as an additional uncertainty meaning that the width of these lines is 
2pC*7. 

A measurement of a' yields in general two lines which have in total four 
intersections with the circle. The two intersections of each line correspond to 
a sign interchange gA —> — gA and at the same time gy —> — gy which is an 
unobservable phase. The remaining ambiguity corresponds to the interchange 
9a —> 9 v and gy —> gA , since the polarization variable and the total rate are 
symmetric functions of gA and gy. Graphically this means that the two lines for 
a measured value of a' are mirror images of each other with respect to the lines 
9a = 9 v I • In order to resolve this ambiguity additional measurements would be 
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necessary. 

In the SM \g&\ ~ \gv\ (cd = —0.351) up to corrections from the not-vanishing 
s quark mass, therefore the two solid lines almost coincide for the SM value of 
a'. We also have plotted two dashed lines for a hypothetical measurement of 
a' = 0 . 2 . 

6 Conclusions 

With the advent of the second generation b physics experiments, bottom baryons 
will provide a wealth of additional information on b quarks. In particular, specific 
aspects of FCNC decays can be tested which are not accessible in B mesons 
decays. 

As its mesonic counterpart, A & —> Ay is dominated by the short distance part 
of the effective hamiltonian, although there are additional long distance effects 
such as internal W exchange. We have estimated the long distance effects using 
standard methods and found a negligibly small contribution. 

Thus one expects a good sensitivity to test the short distance part, the relevant 
piece of which is given in terms of two operators, which differ by the handedness 
of the b quark. It is a particular property of the decays of the A& that they allow 
one to test the handedness of the effective interaction; this is impossible in the 
corresponding meson decays. 

Heavy quark symmetries imply relations between the form factors which are 
thought to hold best close to the point where the outgoing hadron is almost at 
rest. For the transition At —> light spin-1/2 baryon there are only two indepen¬ 
dent form factors due to heavy quark symmetry. Measuring these form factors 
in A c —> AHy then allows us to predict other processes. Unfortunately, in the 
process A 5 —> Ay we are considering the end of the q 2 spectrum, where the A 
receives a large recoil of the order of the b quark mass, and hence heavy quark 
symmetries might fail. We still used the relations implied by them, which in the 
worst case is simply a model assumption. 

Using the input for the form factors obtained from A c —> A£zy we made 
predictions for the decay A h —> Ay within the standard model and beyond. It 
turns out that a measurement of the polarization of the final state A is quite 
sensitive to the handedness of the underlying effective short distance hamiltonian, 
up to a twofold ambiguity, which cannot be resolved by a measurement of the 
rate and the polarization alone. 

With a branching ratio for A& —» Ay of the order 10 -5 one needs 10 8 b quarks 
to have about one hundred events, without applying cuts for efficiencies. Clearly 
this will be feasible at dedicated b physics experiments at colliders such as the one 
at Tevatron or LHC, and possibly also at fixed target experiments like HERA-B. 
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